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Abstract
This paper reports a unique capacitive accelerometer array design, by using the fringe electrical field between planar 
electrical conductors and a polymer/air dielectric. Micromachinable SU-8 polymer technology is used. The proposed 
polymer sensor utilizes the fringe electrical field, which requires no metallization process on the polymer, hence 
greatly simplifying the fabrication process to create a polymer capacitive inertial device. The polymer used, SU-8, a 
negative photoresist, can precisely be defined by UV illumination. The proposed process requires no high 
temperature steps (< 200Û& QRU KDUVK FKHPLFDO VROXWLRQVZKLFK UHQGHUV WKH WHFKQRORJ\ FRPSDWLEOH with CMOS 
technology. Both electrostatic and dynamic characterizations have been conducted.
© 2012 Published by Elsevier Ltd.
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1. Introduction
In this paper a capacitive inertial sensor array is made in SU-8. Creating inertial sensors out of a 
polymer in stead of the more traditional silicon, in principle more sensitive sensors can be made [1-4].
Consider a very simple inertial sensor design, consisting of one spring, clamped to a reference frame at 
one side and attached to a moving mass at the other side. When the reference frame is accelerated, the 
mass will try to resist the movement due to its inertia. As a result the spring is deflected by the mass and it 
is this deflection that can be measured. In general, the bigger the deflection at affixed acceleration, the 
more accurate the deflection can be measured. In the inertial sensor designed in this work a novel concept 
is used. This is illustrated in Figure 1. A central mass of epoxy is suspended with spring over two metal 
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electrodes. When an electric potential is put over the electrodes they act as a capacitor. The epoxy mass is 
essentially a dielectric that will influence the capacitance of the capacitor. If an inertial force moves the 
epoxy mass, the capacitance is changed. This capacitance change can be measured and will be
proportional to the acceleration of the reference frame.
Figure 1: Sensing principle of the SU-8 accelerometer utilizing the fringe electrical field.
This concept has the major advantage that no metallization is needed on the epoxy structure and will 
significantly simplify the processing needed for fabrication. The disadvantage is the capacity change is 
relatively low compared to the capacity change between two conductive surfaces with similar dimensions,
moving relative to each other. As a result, a large device array is needed to compensate for this low 
sensitivity. Due to stress gradients in the processed epoxies, the span of a freestanding beam can not be 
too large. 
2. Design and experimental details
2.1. Sensor design
The SU-8 structural layer thickness is 7 µm. The sacrificial material used is LOR 10B from 
MICROCHEM. The process is relatively simple. The sacrificial material (3 µm thick) is first spin-coated 
on the substrate by two times (1.5 µm thick each time). After the curing step of the sacrificial layer, 
anchor holes are defined by UV exposure. SU-8 is then applied after the anchor holes are etched. Finally 
the SU-8 is UV defined and developed, followed by the release of the sacrificial material. To strengthen 
the mechanical performance of the structural material, a hard bake step is also conducted in the oven at 
150 °C for one hour. 
Figure 2: The sensor array design (6×6 of 200µm×200 µm) is shown above with the detailed view of the sensing unit.
The sensing unit is designed as illustrated in Figure 2. A central mass of epoxy is suspended in its 
corners by four springs, and stretches over two metal interdigitated electrodes. They form a capacitor 
where the epoxy mass and the air gap act as dielectric medium. If the position of the epoxy mass moves 
upward, the capacitance between the two adjacent electrodes will be affected through the related air gap 
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variations. An inertial force moves the epoxy mass, whence a capacitive change is invoked proportional to 
the acceleration of the reference frame. The major advantage of this concept is that no metallization is 
needed on the epoxy structure, so it will significantly simplify the processing needed for fabrication. As a 
result, a larger device becomes mandatory to compensate for this low sensitivity. However, due to stress 
gradients that exist in thicker epoxy layers, the pure sizing of the design cannot offer a solution. So, an 
array of smaller, electrically coupled sensing units is designed to fulfil both the mechanical and electrical 
requirements, and is shown in Figure 2. Figure 3 includes a SEM picture of the SU-8 polymer sensor array
(left), with a close-up detailed view of the sensing unit (right).
Figure 3: The SEM view of the SU-8 polymer sensor array, and the SEM view of the SU-8 polymer sensor unit with suspension 
springs and anchors.
2.2. Characterization
The device consists of an array of 6 by 6 capacitors. Each capacitor is 200 µm by 200 µm large and 
suspended by springs. The electrical signal is supplied by Cr interconnects that end in an interlaced finger 
structure underneath the epoxy mass. After processing, the wafer is electrostatically tested. Figure 4
shows the electrostatic response of the SU-8 capacitive sensor array to a DC voltage sweep from -20V to 
20V. The result proves that the device is functioning before the dynamic test [5, 6].
Figure 4: The electrostatic response of the SU-8 capacitive sensor array to a DC voltage sweep.
For the dynamic test, a circuit board is designed. The die can be glued onto the board and via wire
bonds connected with an of-the-shelf universal capacitive readout IC. The IC is a MS 3110 from the 
Irvine sensors. The circuit board can be mounted directly onto a shaker, which can mechanically shake
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the device sinusoidally at different amplitudes and frequencies. In Figure 5, measurement results are 
shown to illustrate the function of the epoxy inertial sensor compared with a reference inertial sensor, in 
both the time domain and the frequency domain. It clearly illustrates the potential of the proposed device.
Figure 5: The dynamic response of the device under the sinusoidal actuation of 9g at 40Hz.
3. Conclusions
This paper presents a unique SU-8 capacitive accelerometer array design, by using the fringe electrical 
field and repetitive sensing units. The fabrication process requires no metallization on the polymer, which
greatly simplifies the process to create polymer capacitive inertial sensors. The sensor is processed on top 
of a float glass substrate with LOR 10B as the sacrificial material. After processing the DUT is glued onto 
the test board and wire bonded to the readout IC. Both electrostatic and dynamic characterizations have 
been conducted. Results show the potential of using this polymer technology to fabricate functioning 
polymer inertial devices.
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